A Gram-stain-negative, motile by gliding, rod-shaped, aerobic bacterium, designated 15J6-3T6 T , was isolated from a soil sample collected from Jeju Island, South Korea, and characterized taxonomically using a polyphasic approach. Comparative 16S rRNA gene sequence analysis showed that strain 15J6-3T6
The genus Larkinella was originally proposed with Larkinella insperata as the type species [1] , and the genus description was later emended by Anandham et al. [2] . At the time of writing, the genus Larkinella comprises three species with validly published names (http://www.bacterio. net/larkinella.html). Another strain, Larkinella harenae 15J9-9
T [3] , has recently been proposed as a novel species of the genus Larkinella, and awaits validation. The type strains of species of the genus Larkinella have been recovered from the water of a steam generator in a pharmaceutical company [1] , fermented bovine products [2] , a humified solution produced by spruce wood decomposition [4] , and soil [3] . Members of the genus Larkinella are Gram-negative, nonspore-forming, non-motile or motile by gliding, and pink bacteria that are characterized chemotaxonomically by having menaquinone MK-7 as the predominant quinone, iso-C 15 : 0 , C 16 : 1 !5c, iso-C 17 : 0 3-OH, and summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c and/or iso-C 15 : 0 2-OH) as the major fatty acids, and phosphatidylethanolamine, phosphatidylserine, two unidentified aminophospholipids, and two unidentified polar lipids as the major polar lipids [1, 2] .
In the course of screening for novel bacteria, strain 15J6-3T6
T was isolated from a soil sample collected from Jeju
Island, South Korea. On the basis of 16S rRNA gene sequence analysis, this isolate was considered to be a Larkinella-like strain. Strain 15J6-3T6 T was subjected to a detailed investigation using a polyphasic taxonomic approach that included genotypic, chemotaxonomic and phenotypic analyses. Based on the results obtained in this study, we propose that strain 15J6-3T6
T should be placed in the genus Larkinella as the type strain of a novel species.
Strain 15J6-3T6
T was isolated from a soil sample collected in December 2015 from Jeju Island, South Korea (33 18¢ 25.13 † N, 126 17¢ 23.49 † E). The sample was suspended in 10 ml distilled water, vortexed and serially diluted. Each dilution (100 µl) was spread onto Reasoner's 2A (R2A) agar plates (Difco) and incubated at 25 C for 1 week. On the 10 7 -diluted plate, 30-35 colonies appeared, and one pink colony, designated 15J6-3T6 T , was purified by transferring it onto a fresh plate and incubating again under the same conditions. The isolate was routinely cultured on R2A agar at 25 C and was maintained as a glycerol suspension (20 %, w/v) at À70 C. T , and L. insperata KACC 11674 T were investigated using routine cultivation on R2A agar at 30 C for 3 days.
For phylogenetic analysis, genomic DNA was extracted and purified using DNA extraction and purification kits as described previously [5, 6] . The 16S rRNA gene was amplified from chromosomal DNA using the universal bacterial primers 27F and 1492R [7] , and the purified PCR products were sequenced by Genotech (South Korea). The nearly complete 16S rRNA gene sequences were assembled using SeqMan software (DNASTAR). Phylogenetic neighbours were identified, and pairwise 16S rRNA gene sequence similarities were calculated using both the EzBioCloud server [8] and NCBI BLAST. The 16S rRNA gene sequences of related taxa were obtained from GenBank and aligned with that of strain 15J6-3T6
T using CLUSTAl X [9] . Gaps and the 5¢ and 3¢ ends of the alignment were edited manually in BioEdit [10] . Tree topologies were inferred using the neighbourjoining (NJ) [11] , maximum-likelihood (ML) [12] , and maximum-parsimony (MP) [13] methods with MEGA7 [14] . The NJ tree was reconstructed using Kimura's two-parameter model with pairwise deletion [15] . The ML tree was inferred using the nearest neighbour interchange as the ML heuristic search method. The MP tree was inferred using subtree-pruning and regrafting. The option of complete deletion of gaps was applied for ML and MP tree reconstruction. A bootstrap analysis with 1000 replicate data sets was performed to assess support for clusters.
A nearly complete 16S rRNA gene sequence of strain 15J6-3T6 T (1426 base pairs) was obtained. Sequence similarity calculations using the EzBioCloud server and pairwise sequence comparison of the isolate and L. harenae 15J9-9 T showed that strain 15J6-3T6
T had the highest similarity to L. harenae 15J9-9 T (93.9 %), L. arboricola Z0532 T (93.6 %), L. bovis M2TB15 T (93.3 %), and L. insperata LMG 22510 T (93.3 %). The 16S rRNA gene sequence similarities between strain 15J6-3T6 T and the type strains of other species within the family Cytophagaceae with validly published names were less than 88 %. A close relationship between the isolate and the above-mentioned members of the genus Larkinella was also evident in reconstructed phylogenetic trees. The ML tree as well as the NJ and MP trees placed strain 15J6-3T6
T within the genus Larkinella as shown in Fig. 1 . The generally accepted criteria for delineating bacterial species state that strains showing 16S rRNA gene sequence dissimilarity above 3 % are considered to belong to separate species [16, 17] . Based on this definition, the data indicate that strain 15J6-3T6
T does not belong to any species within the genus Larkinella with a validly published name, and should be considered as a representative of a novel species of the genus.
Gram staining of strain 15J6-3T6
T was performed using a standard staining method [18] . The cell morphology of the isolate, grown for 3 days at 25 C on R2A agar, was observed with a light microscope (BX50, Olympus, Japan; 1000Â) and a transmission electron microscope (Hitachi; HT7700, Japan). Motility was investigated on 0.5 % (w/v) semi-solid R2A agar [19] , and gliding motility was tested by phasecontrast microscopy of cells incubated for 24 h on microscope slides coated with R2A medium (0.7 % agar) [20] . Catalase activity was determined by assessing the production of bubbles in 3 % (v/v) H 2 O 2 , and oxidase activity was tested using 1 % (w/v) N,N,N¢,N¢-tetramethyl-p-phenylenediamine [21] . Growth was assessed on R2A agar, Luria-Bertani (LB) agar, nutrient agar (NA), and trypticase soy agar (TSA), all purchased from Difco. The effect of pH on growth was evaluated in R2A broth using three different buffers, all at a final concentration of 100 mM: sodium acetate buffer (for pH 4-6), potassium phosphate buffer (for pH [7] [8] , and Tris buffer (for pH 9-10). Growth at 4, 8, 15, 20, 25, 30, 37 , and 42 C was assessed after incubation for 7 days on R2A agar. Salt tolerance was tested in R2A broth supplemented with 0.5, 1, 2, 3, 4, 5, or 10 % (w/v) NaCl after 7 days of incubation. Enzyme activities, assimilation of carbon sources, acid production from substrates, and other physiological characteristics were determined by inoculating API ZYM, API 20 NE, API ID 32 GN, and API 50 CH strips according to the manufacturer's instructions (bioM erieux).
Cells of strain 15J6-3T6
T were Gram-stain-negative, motile by means of gliding, aerobic, pink rods without flagella (Fig. S1 , available in the online version of this article). Growth occurred at 4-30 C and pH 6-8. Growth was observed on NA and R2A agar, but not on TSA or LB agar. Strain 15J6-3T6
T did not require NaCl for growth, but tolerated up to 1 % (w/v NaCl). Other physiological and biochemical properties of strain 15J6-3T6
T are provided in the species description. Phenotypic characteristics that differentiate the isolate from members of the genus Larkinella are listed in Table 1 . In particular, strain 15J6-3T6
T could be differentiated from L. harenae, L. arboricola, L. bovis, and L. insperata based on its ability to grow weakly at 4 C, reduce nitrates to nitrite, and produce a-chymotrypsin, as well as its inability to utilize L-arabinose and produce acid from amygdalin, L-fucose, D-lyxose and D-tagatose.
The genomic DNA of strain 15J6-3T6
T was extracted according to the standard cetyltrimethyl ammonium bromide/NaCl protocol [22] . The G+C content of the isolate was determined by the reversed-phase HPLC analysis of individual nucleosides after DNA hydrolysis and dephosphorylation using nuclease P1 and alkaline phosphatase, respectively [23] . Single-stranded DNA from salmon testes (D7656; Sigma; DNA G+C content, 41.2 mol%) was used as a standard. The DNA G+C content of strain 15J6-3T6
T was 50.6 mol%, which is close to the range (52.0-53.0 %) previously reported for species of the genus Larkinella with validly published names [ T were analysed using cells grown on R2A agar for 3 days at 30 C. Cellular fatty acid saponification, extraction and methylation were performed according to the Sherlock Microbial Identification System (MIDI) protocol. Fatty acid methyl esters were then analyzed by gas chromatography using the Microbial Identification software package (TSBA, version 6.0) [24] . The major fatty acids of strain 15J6-3T6
T were C 16 : 1 !5c (40.4 %), iso-C 15 : 0 (21.4 %), and iso-C 17 : 0 3-OH (9.5 %), which together represented 71.3 % of the total fatty acids. This profile was similar to those of other members of the genus Larkinella (Table 2 ). However, under the same growth conditions, strain 15J6-3T6
T differed from the reference strains in terms of the proportions of major and of some minor fatty acids, and could be differentiated from them due to the presence of small amounts of C 20 : 0 and summed feature 4 (iso-C 17 : 1 I and/or anteiso-C 17 : 1 B) and a decreased amount of C 16 : 0 .
For the analysis of polar lipids and respiratory isoprenoid quinones, cells of strain 15J6-3T6
T were cultured, collected and freeze-dried. Polar lipids were extracted according to the method described by Minnikin et al. [25] and identified by two-dimensional TLC and spraying with appropriate Huanghella arctica R9-9 T (JQ303016)
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Larkinella harenae 15J9-9 T (LC177337) T among affiliated strains of species of the genus Larkinella and representatives of other members of the family Cytophagaceae. Bootstrap values (based on 1000 replications) greater than 50 % are shown at branch points. Filled circles indicate that the corresponding nodes were also recovered in trees generated with the neighbour-joining and maximum-parsimony algorithms. Open circles indicate that the corresponding nodes were also recovered in the tree generated with the neighbour-joining algorithm. The tree was rooted using Bacteroides fragilis ATCC 25285 T (X83935) as an outgroup. Bar, 0.05 substitutions per nucleotide position. 
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Lactose, maltose, raffinose + + -W + detection reagents [26] . The polar lipid profile of strain 15J6-3T6 T was characterized by the presence of significant amounts of phosphatidylethanolamine (PE) and an unidentified polar lipid (L 1 ) and moderate amounts of phosphatidylserine (PS), two unidentified polar lipids (L 2 and L 3 ) and an unidentified aminophospholipid (APL 2 ) (Fig. S2) . In addition, an unidentified aminophospholipid (APL 1 ) and an unidentified aminolipid (AL) were also detected in small amounts. The novel isolate and three reference strains were found to contain consistently PE, PS, APL 1 , APL 2 , L 1 and L 2 , while the distribution of an unidentified aminolipid and an unidentified polar lipid (L 3 ) were heterogeneous (Fig.  S3) . These polar lipid data support the affiliation of strain 15J6-3T6
T to the genus Larkinella.
Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v), evaporated under a vacuum and reextracted in n-hexane/water (1 : 1, v/v). The extract was purified using Sep-Pak Silica Vac cartridges (Waters) and analyzed by HPLC, as described previously [27] . The predominant isoprenoid quinone in strain 15J6-3T6 T was the menaquinone MK-7, which is the major respiratory quinone found in other members of the genus Larkinella [1] [2] [3] .
All of the characteristics determined for strain 15J6-3T6 T were in accordance with those of members of the genus Larkinella. However, based on its phylogenetic distances from other members of the genus Larkinella, and its distinctive phenotypic characteristics (Table 1) , it is clear that strain 15J6-3T6
T should be classified as a novel species of the genus Larkinella, for which the name Larkinella knui sp. nov. is proposed.
DESCRIPTION OF LARKINELLA KNUI SP. NOV.
Larkinella knui sp. nov. (knu¢i. N.L. gen. n. knui of or belonging to KNU, Kyungpook National University, where the taxonomic study was performed).
Gram-stain-negative, motile by gliding and short-rod-shaped (0.7-0.9 µm in width and 1.9-4.2 µm in length). After 3 days of incubation at 25 C, colonies on R2A plates are convex, translucent, circular, pink and 0.5-1.5 mm in diameter. Grows on NA and R2A, but not on LB or TSA agar. Growth occurs at 4-30 C, pH 6-8, and in the presence of 0-1 % (w/ v) NaCl with optimal growth at 25 C, pH 7, and in the absence of NaCl. According to API 20 NE tests, positive for aesculin hydrolysis, b-galactosidase, gelatin hydrolysis, and nitrate reduction to nitrite, and weakly positive for glucose fermentation, but negative for indole production, urea hydrolysis, and arginine dihydrolase activity. In API 32 GN and 
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